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Abstract 
In this paper, non-destructive testing techniques used to estimate the layers thickness and the 
pavement material properties in pavements evaluation as Falling Weight Deflectometer 
(FWD), Plate Load Test (PLT) and radar are introduced. Some techniques seem to be more 
effective and more practical than others. There is the case of the FWD compared to the PLT, 
and other techniques are rather complementary such as radar. The different techniques are 
associated with a two dimensional axisymetric finite element model in order to validate the 
numerical model by comparing computed and experimental results, and thereafter to explore 
the possibility of detecting defects in damaged pavement. This study is carried out thanks to 
an instrumented pavement testing in which defects often encountered in damaged flexible 
pavements have been simulated. 
Résumé 
Dans cet article, nous présentons quelques techniques de contrôle non-destructif utilisées 
pour l'auscultation des chaussées comme le deflectomètre à masse tombante (FWD) et l’essai 
à la plaque (PLT) qui permettent d'évaluer les propriétés mécaniques des matériaux 
constituants les chaussées souples ainsi que le radar qui permet de déterminer les épaisseurs 
des couches de la chaussée. Nous montrons que certaines techniques sont plus efficaces et 
plus pratiques que d'autres comme le cas du FWD par rapport à la PLT, alors que d'autres 
techniques sont plutôt complémentaires, tel le radar. Ces différentes techniques sont associées 
à un modèle éléments finis 2D axisymétrique afin de valider le modèle par comparaison des 
résultats numériques et expérimentaux puis d’étudier la possibilité de détecter les défauts de la 
chaussée endommagée. Cette étude a été réalisée grâce à une chaussée expérimentale 
instrumentée et dans laquelle nous avons simulé les défauts les plus souvent rencontrés dans 
les chaussées souples endommagées. 
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1  Introduction 
Flexible pavement structures are constantly sustained to various types of mechanical and 
thermal loadings which lead to their deterioration. The prediction of the pavement structure 
life and the accurate localization of its damage represent a major importance in regard to the 
maintenance of road network. In this context, significant development has taken place in this 
field and various control techniques have been developed in last few years [1]. 
In this paper, three non-destructive testing techniques are presented. The FWD and PLT 
have been used for the estimation of mechanical properties of the pavement materials and the NDTCE’09, Non-Destructive Testing in Civil Engineering 
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prediction of the future pavement performance. Both of the two techniques were compared in 
order to see the difference between results of a method that uses a static load (PLT) or a 
dynamic load (FWD). The radar technique has been used for measuring the thickness of 
pavement layers which is an important information for the FWD. We also present the 
numerical model developed to simulate the FWD tests on healthy and damaged pavement. 
This model is also used to study the effectiveness of proposed indicators to detect defects in a 
damaged Asphalt Pavement Test conducted by the GEMH-GC&D laboratory. 
2  Presentation of the Asphalt Pavement Testing 
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Figure 1. Experimental pavement layout 
The experimental pavement is designed for studying the behavior of different types of 
flexible pavements and monitoring their evolution over time. This project was conducted by 
GEMH-GC&D laboratory. The testing area measures 70m long and 10m wide. It consists of 
three types of flexible pavements structures (Fig. 1) : 
-  Simple structure with soil, a layer of unbounded granular material (UGM) and a layer 
of asphalt concrete (AC) ; 
-  Classical structure with soil, a layer of unbounded granular material (UGM), a layer of 
gravel stabilised with bitumen (GB) and a layer of asphalt concrete (AC) ; 
-  More evolutionary structure properties with soil, a layer of unbounded granular 
material (UGM), a layer of gravel emulsion (GE) and a layer of asphalt concrete (AC). 
         
Figure 2. Left : absence of the tack coat between AC & GB  ; Center : interface defect 
(sand) between AC & GB  ; Right : transverse crack on the GB layer 
The originality of this project is based on the introduction of defects such as compacting 
defects of unbounded granular material, bond defects between bituminous layers (interface 
flaws and absence of the tack coat) and transverse cracks (Fig. 2). During the construction, the 
pavement is instrumented with various sensors (T1, H1, H2 and PT1 in Fig. 1) : 
-  Pressure (measurement of vertical stresses at the interfaces) ;  
-  Temperature, humidity (evolution and effects in different layers and at interfaces). 
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3  In-situ measurements 
     
Figure 3. Left : Plate Load Test ;  Center : FWD test ;  Right : Radar system 
The PLT (Fig. 3 left) is a control device measuring the deflection of the pavement surface 
caused by a French standard truck. Measurements allow to trace the surface deflections 
variations vs load, reflecting changes in the displacement of the pavement surface. The PLT 
tests were conducted during construction of the pavement in order to determine the soil and 
UGM modulus. Results are presented in paragraph 4.1. 
The Falling Weight Deflectometer test (Fig. 3, center) consists in reproducing a dynamic 
impulse load similar in magnitude and duration to moving truck, and evaluating the 
pavement’s response by measuring the basin of deflection which represents the max of 
deflections history measured by 9 sensors. The standard load used for structural flexible 
pavement analysis is usually 30 to 50 kN, which corresponds to heavy vehicle moving from 
65 to 85 km/h. To analyze the FWD data, backcalculation programs are used to evaluate the 
elastic properties of the pavement structure. In this study, ELMOD program is used to 
calculate the Young's modulus of different pavement layers. FWD tests were conducted 
during construction of the pavement, first to determine the soil and UGM modulus and then 
on the finalized pavement in order to study the behavior of different types of structures and 
the response of damaged pavement. The FWD results are presented in paragraph 4.1 and 
compared with numerical results in paragraph 4.2. 
The thickness of pavement layer is an important parameter in the monitoring of roads, and 
especially in FWD analysis. Radar technique (Fig. 3 right) allows to measure this parameter 
under continuous conditions. According to Kenneth R. Maser [2], Ground Penetrating Radar 
methods are capable of measuring the average on a section of the pavement layer thickness to 
within 2,5 mm of the average core value.  
 
Figure 4. Result of a radar test (Classical Structure) 
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The last investigation conducted by GEMH-GC&D laboratory using a GSSI radar system 
with 2 GHz antenna gives response represented in figure 4. 
Table 1.  Layers thickness (in m) of the Classical Structure  
 AC  GB  UGM 
minimum Average  maximum minimum Average maximum minimum  Average  maximum Thickness 
0,017  0,033 0,056 0,034 0,064 0,109 0,082 0,176 0,270 
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After a first interpretation with Radan 6.6 software, the layers thickness have been found 
and presented in table 1. Compared to the thickness requested of the classical structure layers 
(AC : 50mm, GB : 80mm, UGM : 300mm), we can observe that the variations of layers’ 
thickness are sizeable. Further tests will be achieved by increasing the number of scan per 
meters and thus by increasing the thickness’ accuracy. 
4  Numerical modelling 
The multilayered pavement structure has been modeled using a two dimensional 
axisymmetric model. The numerical model is based on an homogeneous, isotropic, and linear 
elastic approach. The resolution of the dynamic problem is done with the help of the 
Newmark’s explicit algorithm [3]. To limit the size of the pavement structure mesh to 
reasonable dimensions, absorbing boundaries were used at the model edge. These boundaries 
are composed of viscous damping elements in order to avoid, as best as possible, the waves 
reflection on the mesh edge. The interface flaws have modeled by a layer of 5 mm thick and 
very weak Young’s modulus (Young’s modulus for the sand is 50 MPa). Cracks modeling has 
been performed by a thin trench. 
4.1 Numerical/experimental  results of Soil and Soil-UGM 
To determine the soil modulus using the numerical model, we tried to surround measured 
deflections curve refining by dichotomy the modulus value used in the numerical model. The 
comparison results of the three methods used to determine the soil and the UGM modulus are 
given in the table 2. 
Table 2.  Soil and UGM modulus determined by different methods 
  Soil modulus (MPa)  UGM modulus (MPa) 
PLT (EV2)  10<E<55  26<E<98 
FWD (ELMOD)  20<E<75  40<E<300 
Numerical simulation  15<E<75  60<E<180 
 
We noted that the soil modulus estimated by the different methods vary around the same 
interval while for determining the UGM modulus, the three methods give different results. 
This may be due to the fact that  PLT uses a static load while the other methods use a dynamic 
load and ELMOD program takes into account the nonlinear behavior of soil which is not the 
case of the numerical model. 
4.2 Numerical/experimental  results of finalized pavement 
In this paragraph, the comparison of experimental and numerical results is limited to the 
basin of deflection. The reference parameters (table 3) used for the numerical model are 
deduced from different methods : 
-  the base and subgrade modulus are estimated from FWD tests conducted on soil and 
soil-UGM during construction of the experimental pavement. 
-  the AC and the GB modulus are calculated using the equations of the modulus 
evolution as a function of temperature as follow [4] : 
11927 44 . 423 9375 . 7 5005 . 0 0052 . 0 ) ( 2 3 4 + − − + − = T T T T AC E     (1) 
18830 65 . 603 437 . 11 6597 . 0 0069 . 0 ) ( 2 3 4 + − − + − = T T T T GB E     (2) 
Table 3.  Thickness (in m) of the layers of the simple and classical  structures 
  3 layers  4 layers     
Layer  E (MPa)  Thickness (m)  E (Mpa)  Thickness (m)  Poisson’s ratio  ρ  (kg/m
3)
AC 10400 0.05 10400 0.05  0.35  2300 NDTCE’09, Non-Destructive Testing in Civil Engineering 
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GB -  -  19600  0.08 0.35  2200 
UGM 120  0.38  120  0.3  0.35  2000 
Soil  50 - 65 -  0.35  1600 
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Figure 5. Numerical/experimental comparison of deflection basins of  
3 layers  structure (left) and 4 layers  structure(right) 
Parameters 1 : Properties from table 1 (3 layers) ;  
Parameters 2 : E (UGM) = 80 MPa ; E (soil) =100 MPa ; 
Parameters 3 : Properties from table 1 (4 layers) ; 
Parameters 4 : E (UGM) = 40 MPa ; E (soil) =120 MPa ; 
Parameters 5 : E (GB) = 12000 MPa ; E (UGM) = 60 MPa ; E (soil) = 130 MPa. 
 
For both 3 and 4 layers pavement, we find approximately the same level of measured and 
computed deflections at the first sensors. However, far from this area the computed 
deflections become greater than the measured one. In the case of 3 layers pavement, the 
allocation of a small base and a high subgrade modulus lead to the superimposition of the 
measured and computed curves (Fig. 5 left with parameters 2). For 4 layers pavement, GB 
modulus had to be reduced (Fig. 5 right with parameters 5). 
4.3  Numerical/experimental comparison of damaged pavement 
To show the effect of damages on the pavement deflection, a pavement structure with a 
cracks and interface flaws has been modelled. We found that the maximum deflection is more 
important in damaged structure. However, the difference is significant only if the defect is 
very close to the load axis (crack) or even under the load (interface flaw).  
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Figure 6. 1
st derivative of the maximum deflection curve (left:crack - right:interface flaw) NDTCE’09, Non-Destructive Testing in Civil Engineering 
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Figure 7. 2
nd  derivative of the maximum deflection curve (left:crack - right:interface flaw) 
 
Other indicators can be used to defects detection and localization as first and second 
derivatives of the deflection curve [5]. Figures 6 and 7 show the effectiveness of these 
indicators to identify the presence of cracks and interface flaws in damaged pavement 
structure and even locate it (crack) or determine its  expense (interface flaw). 
5  Conclusions 
In this paper, the usefulness of non-destructive testing techniques in pavements evaluation 
has been demonstrated. The utility of taking into account a dynamic aspect of both solicitation 
and response of the pavement subject to real traffic, which is the main advantage of FWD 
have been proved. The radar system and FWD must be done together for taking into account 
the actual layers thickness (never uniform along pavement) and thereafter get better results in 
term of determination of their mechanical properties. 
The combination of a numerical model and the proposed testing techniques allows us to 
better understand the behavior of healthy and damaged pavement and make it possible to 
extend the area of use of these techniques as detecting defects in the damaged pavement. 
Thanks to the experimental pavement, we initiated further works based on other diagnostic 
methods like impact-echo method [1] and further radar tests are also programmed to study the 
suitability of this technique to detect defects in damaged pavement. 
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